X-ray photoemission studies were carried out on highpurity specimens of the 4d5s5p elements Pd through Te using monochromatized Al (Ka) radiation. With increasing atomic number the 4d structure evolves from d bands to spin-orbit split atomic-like core levels. Band-structure broadening was
detectable in Cd, for which the 4d doublet is ll eV below the Fermi energy. Structure was observed in the 5s5p bands for the first time by this method. The cohesive energy was attributed to the 5pbands in Iri through Sb. The two-component 5p peak in Te is interpreted as a bonding valence band at 4.6 eV and a non-bonding band at 1.2 eV.
Most discussions of band structure in metals are predicated on the assumption that the tightly-bound electrons can be regarded as belonging to separate ion cores, while those that are more loosely bound occupy va~ence bands. In passing beyond the end of a transition series one would expect the -2-LBL-664 d bands to become narrower, fall below the Fermi energy EF' and evolve into core levels. It is not always clear, however, just which atomic levels can be safely treated as core states and which ones must be explicitly included as part of the band structure. In this letter we report x-ray photoelectron spectroscopy (XPS) 1 experiments addressed to this question for the 4d5s5p elements Pd (Z=46) through I (Z=53). By following the 4d 312 -4d 512 spin-orbit splitting from I down through Cd to Ag one can unambiguously trace the onset of band-structure broadening. We also report the first observation by XPS of structure in the sp bands. This structure exhibits systematic changes between Cd and Te.
The specimens studied were high-purity single crystals in each case except Sb and I, for which polycrystalline samples were used. All the specimens except I were studied in a Hewlett Packard 5950A spectrometer with a monochromatic Al(Ka) x-ray source. The working pressureiwas always less than 5 x 10-9 Torr.
Iodine was examined in the Berkeley iron-free spectrometer. Standard metallographic methods were used to produce clean surfaces. The typical procedure consisted of spark-cutting discs from single crystal rods, mechanically polishing, and finally electropolishing just prior to insertion into the vacuum chamber.
Surface purity was monitored in ~ and the sample was repeatedly argon etched until all impurity XPS lines were eliminated. This typically required 15 minutes + of bombardment with a 10 ~ beam of 900 V Ar ions. Oxygen ls and carbon ls spectra taken after each valence-band measurement indicate that there was no oxygen build-up. A carbon layer corresponding to 1/10 the intensity of the carbon ls line of graphite accumulated on the surface after 10 hrs.
Valence-band spectra are displayed in Fig. 1 and derived parameters are set out in Table 1 . The position of the Fermi energy EF in these spectra is The spin-orbit splitting energy ~E is a uniquely reliable parameter for detecting the onset of lattice effects because it is independent of component linewidth, which can be affected by lifetime broadening. Nevertheless, the total "4d bandwidth" can also be used to study broadening by the lattice.
In analysis of the spectra must await more intensive measurements and further density of states calculations, but the systematic variation of the 5s5p spectra from Cd to Te (Fig. 1) suggests a preliminary interpretation in terms of a transition from band structure to atomic core-level character for the 5s band with a simultaneous filling of the 5p band. Three systematic effects occur between Cd and Te. First, the s-p valence band which shows structure even in
Cd resolves into two peaks in Sn and Sb and three in Te. Second, the higher binding-energy peak which we designate as 5s, falls monotonically below EF as Z with the occupation number ratio (n/m) for the respective free-atom ground state configurations 5sn5pm (Table 1) .
We interpret this behavior in terms of the evolution of core-like 5s and 5p shells. An important result of this analysis is that the cohesive energy is almost entirely accounted for by the 5p electrons. In Te there are two 5p peaks of equal area at binding energies of 1.1 eV and 4.0 eV relative to EF.
The higher binding energy band alone accounts for most of the cohesive energy, and it is also wider than the 1.1 eV band. These observations strongly support the model for group-VI elements in two-fold coordination as discussed by ll Kastner.
In the chalcogens the valence band is formed by unshared-electron states in contrast to the tetrahedral semiconductors in which the bonding band forms the valence band and the antibonding band forms the conduction band. We assign the 4.0 eV peak in tellurium as the bonding band and the 1.1 eV peak as the unshared or lone-pair band.
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